Background: Patients admitted to intensive care units (ICUs) often experience pain, oversedation, prolonged mechanical ventilation, delirium, and weakness. These conditions are important in that they often lead to protracted physical, neurocognitive, and mental health sequelae now termed postintensive care syndrome. Changing current ICU practice will not only require the adoption of evidence-based interventions but the development of effective and reliable teams to support these new practices.
INTRODUCTION
The Society of Critical Care Medicine's (SCCM's) Clinical Practice Guidelines for the Management of Pain, Agitation, and Delirium (PAD) in Adult Patients in the Intensive Care Unit (ICU; Barr et al., 2013) provides a framework for developing evidence-based, interprofessional, and patient-centered protocols aimed at assessing, preventing, and treating a variety of distressing ICU symptoms and syndromes. These conditions are important in that they often lead to the protracted physical, neurocognitive, and mental health sequelae now termed postintensive care syndrome. Based on over two decades of well-designed research published in high-impact journals, the guidelines recommend a number of evidence-based interventions aimed at reducing short-and long-term mortality, prolonged mechanical ventilation, functional decline, new institutionalization, and long-term cognitive impairment . These interventions include: (a) routinely monitoring PAD using valid and reliable assessment tools; (b) using non-benzodiazepine sedation strategies and an analgesia-first approach (i.e., treat pain before administering sedative medications); (c) maintaining light levels of sedation using either daily sedation interruption or setting a target sedation level; (d) performing early mobilization and exercise; and (e) using an interdisciplinary implementation approach that includes provider education, preprinted and computerized protocols and order forms, and daily rounds.
Despite their benefit, the dissemination and implementation of the SCCM's PAD Guideline recommendations on a large-scale basis remains very limited (Bakhru, McWilliams, Wiebe, Spuhler, & Schweickert, 2016; Bakhru, Wiebe, McWilliams, Spuhler, & Schweickert, 2015; Carrothers et al., 2013; Miller, Govindan, Watson, Hyzy, & Iwashyna, 2015; Nydahl et al., 2014; Pandharipande et al., 2017) . Patients remain on sedation and mechanical ventilation longer than needed and resistance on the part of clinicians to maintain patients at a light level of sedation, use a protocolized mechanical ventilation discontinuation approach, and get patients out of bed during their ICU stay remains high (Baggs et al., 1999; Bakhru et al., 2016; Balas et al., 2013; Carrothers et al., 2013; Connolly, O'Neill, Salisbury, & Blackwood, 2016; Dubb et al., 2016; Laurent et al., 2016; Miller et al., 2015; Nydahl et al., 2014) . Knowledge deficits, safety-related concerns, perceived staffing shortages, and organizational factors such as a lack of institutional commitment to patient safety and quality improvement (QI) efforts further threaten effective PAD guideline adoption Boehm, 2017; Carrothers et al., 2013; Costa et al., 2017) . Moreover, ICU providers often lack effective teamwork and collaboration skills resulting in a fragmented and sub-par level of care (Baggs et al., 1999; Dubb et al., 2016) . This is an important challenge when considering that wide-scale adoption and sustainment of interventions frequently require the collaboration of the entire ICU interprofessional team (Brummel et al., 2013; Devlin, Marquis, et al., 2008; Orchard, Curran, & Kabene, 2005; Pun & Devlin, 2013; Pun, Balas, & Davidson, 2013) .
In the past 5 years, many QI projects were developed to meet the driving unmet need to improve pain, sedation, delirium, and mobility management in the ICU (Klompas, Li, Kleinman, Szumita, & Massaro, 2016; Pronovost et al., 2006; Rhodes et al., 2015) . These programs laid the groundwork for the newly updated ABCDEF bundle (Assess, prevent, & manage pain; Both spontaneous awakening and spontaneous breathing trials; Choice of analgesia and sedation; Delirium: assess, prevent, and manage; Early mobility and exercise; Family engagement and empowerment). Research and QI efforts using prior versions of the ABCDEF bundle report the feasibility of safely implementing this bundle into everyday ICU care (Balas et al., 2014; Barnes-Daly, Phillips, & Ely, 2017) . The bundle is also associated with improvements in a number of important patient-centered outcomes including increased survival, more days spent alive without delirium or coma, and less days spent on mechanical ventilation and in the hospital (Balas et al., 2014; Barnes-Daly et al., 2017; Kram, DiBartolo, Hinderer, & Jones, 2015) . Importantly, the ABCDEF bundle aligns the interprofessional healthcare team around common care goals as the processes (i.e., interventions) each require the cooperation, coordination, and collaboration of the entire ICU team (Balas et al., 2012 Carrothers et al., 2013; Morandi, Brummel, & Ely, 2011; Pandharipande, Banerjee, McGrane, & Ely, 2010; Vasilevskis et al., 2010) .
The SCCM recently launched the ICU Liberation ABCDEF Bundle Improvement Collaborative (www.iculiberation.org). The purpose of the Collaborative was to equip participating sites with the skills and knowledge necessary to implement the SCCM's PAD Guidelines via the ABCDEF bundle and improve effective ICU teamwork and collaboration. The purpose of this paper is to describe the Collaborative, the evidence-based implementation strategies used to foster effective ABCDEF bundle adoption and teamwork, and the performance and outcome metrics used to monitor progress. In addition to providing readers with some specific examples of how Collaborative participants addressed several common implementation challenges, the data collection tools, measures, and definitions provided in the online supplementary section of this manuscript may serve particularly useful for those interested in executing future ABCDEF bundle-related QI initiatives.
METHODS

Collaborative Development
In late 2014, the Gordon and Betty Moore Foundation (GBMF) provided a grant to the SCCM to support the formation of an 18-month QI Collaborative aimed at successful ABCDEF bundle dissemination and implementation. The charge of the Collaborative included the establishment of three regional centers of excellence to demonstrate that the ABCDEF bundle could be reliably implemented and sustained in multiple and diverse ICUs across the United States. The Collaborative was guided by the Consolidated Framework for Implementation Research (CFIR; Damschroder et al., 2009 ). The CFIR is composed of 36 constructs associated with effective implementation that are organized across five major domains (i.e., outer setting, inner setting, individuals involved, characteristics of the intervention, and implementation process; Damschroder et al., 2009 ). We used the CFIR's constructs and domains in a number of important ways including to guide our assessments of the potential barriers and facilitators ABCDEF bundle adoption, to develop the Collaborative's process and outcomes metrics, and select evidence-based implementation strategies. The Collaborative was led by an internationally recognized, multidisciplinary group with expertise in ABCDEF bundlerelated clinical trials, implementation and dissemination research, and large-scale QI efforts. The SCCM provided project management and a senior improvement advisor from the Institute for Healthcare Improvement (IHI) provided expert consultation. Each regional Collaborative was led by a team including a Registered Nurse (RN), medical doctor (MD), respiratory therapist (RT), physical or occupational therapist (PT or OT), and a pharmacist to mirror the interprofessionalism implicit in the ABCDEF bundle. Figure 1 illustrates the Collaborative's leadership model and regional site characteristics.
The SCCM invited participation in the Collaborative via social media and communications platforms including the Society's e-newsletter, Facebook, and Twitter as well as at the American Association of Critical Care Nurses' annual meeting. Community, Veterans Affairs, and academic hospitals were encouraged to apply, as were hospitals with and without prior ABCDEF bundle experience. Each participating site was required to identify a core interprofessional implementation team including at least one MD, one RN, and one or two additional team members (e.g., RT, PT, OT, pharmacist, or other ICU professional). This core team was expected to participate in conference calls and educational offerings and oversee the various data collection efforts. Listed in Table 1 are additional requirements for participation in the Collaborative.
Ninety-six hospitals submitted applications and 69 were formally accepted into the Collaborative. Three regional cohorts (East, West, and Midwest) representing diverse hospitals from 29 states and Puerto Rico were established. Several pediatric ICUs (PICUs) also expressed interest in joining the Collaborative and nine PICUs were selected (total 78 sites). The PICUs formed an independent working group to guide the development of ICU Liberation in the pediatric setting.
Collaborative Activities
The Collaborative was launched with a 2-day, in-person meeting for each cohort in the fall of 2015. At this meeting, sites initially focused on developing effective teams. Sites also learned the benefits and expectations of Collaborative participation; recognizing and utilizing team member diversity; identifying key elements of a healthy work environment; optimizing interprofessional communication, collaboration, and teamwork; and building a culture of safety by applying human performance concepts. On the second day, expert faculty reviewed the science supporting the ABCDEF bundle with deeper exploration of each bundle element. PAD-recommended assessment tools, evidence-based strategies for effective implementation, and common ICU practices believed to contribute to postintensive care syndrome were presented. Importantly, sites had the opportunity to interact with the faculty and each other to discuss questions that arose during the meeting.
Initial in-person meetings were followed by monthly regional virtual combined learning (co-learning) sessions focused on individual sites' successes and barriers and provision of targeted education and support from faculty. Topics included further review of individual ABCDEF bundle elements, effective educational strategies, sharing of ABCDEF bundle-related tools and policies, improving interprofessional rounds, team-building strategies, and data sharing. An ICU Liberation Web-based sharing site was created and sessions were placed on the site for teams to access as needed. A digital community was established to facilitate further discussions and for sharing educational content and success stories. Monthly collaborative steering committee and regional faculty conference calls ensured sharing of the common SCCM and GBMF vision and goals. The second regional collaborative meetings occurred in the spring of 2016 and included team storyboard presentations and patient stories, discipline-specific group discussions, and the opportunity for collaborative teams to review comparative aggregate team-level and patient-level data. In-person visits by faculty occurred in conjunction with these regional meetings at select hospitals to help sites realign with the overall ICU Liberation goals. A collaborative all-team meeting was held in November 2016 to highlight team successes with ABCDEF bundle implementation by sharing practice changes driven by data. A final round of regional Collaborative meetings was held in spring of 2017 that focused on the how and why of sustainability. All teams completed a sustainability assessment and shared strategies for sustaining their teamwork and bundle element implementation gains. This meeting closed the ICU liberation collaborative and data collection.
Performance and Outcome Metrics
Interprofessional ICU team survey. Teamwork, communi- cation, and a healthy work environment are fundamental to ICU practice and specifically to effective ABCDEF bundle implementation. Therefore, all collaborative in-person meetings and colearning calls focused on teaching about and improving these concepts to ensure that all sites have a fundamental understanding of who comprises the team, how to evaluate team health, and what tools the teams could use to facilitate daily work and communication. This information was used as a current state assessment meant to focus improvement activities as well as to initiate a before-after comparison to be used at the conclusion of the collaborative. Similarly, because each site had varying experience with the individual components of the ABCDEF bundle, a formal assessment of providers' knowledge and perceptions of the bundle was necessary. To capture all of these important elements, we developed and distributed an anonymous online survey (components listed in Table 2 ) to all members of the ICU team at the beginning and end of the Collaborative.
Organizational survey. Organizational factors play an important role in a number of patient-and family-centered outcomes (Sakr et al., 2015) . An Administrative Unit Level Data Form, modeled after the work of Checkley et al. (2014) , was created to identify characteristics of Collaborative ICUs and was completed by each sites' ICU nursing and medical directors before and after Collaborative participation (Table S1 ). Responses described unit characteristics (e.g., practice setting, number of beds, charting system, and staffing levels); ICU team composition; and what ABCDEF practices were in place at the Inclusion or exclusion criteria and data collection plan All patients admitted to a participating ICU who met inclusion or exclusion criteria (Table 3) were eligible for inclusion. Sites collected data on the first 15 consecutively admitted patients with the option of collecting data on more patients and for a longer period if desired. An ABCDEF Bundle Daily Compliance Form (described below) was completed for each of these 15 patients beginning with the first full ICU day and continuing until: (a) a maximum of 7 ICU days, (b) the patient was designated as having non-ICU status or was discharged from the ICU, or (c) the patient died. To compare process and outcome measures pre-and postcollaborative participation, all sites were also required to submit baseline data for 30 patients using retrospective medical record review. A demographic/discharge form was also completed for each patient.
ABCDEF Bundle Daily Compliance Form. The ABCDEF
Bundle Daily Compliance Form (Table S2 ) was designed to collect clinically meaningful data to monitor and sustain implementation progress. A 33-page Standard Operating Procedures and Data Definitions Manual addressed each question on the form and provided examples of any necessary calculations.
Although data definitions were provided for each ABCDEF bundle element, in certain cases, these definitions were intentionally flexible. For example, while it was recommended that safety screens should be performed before a spontaneous awakening trial (SAT), spontaneous breathing trial, and mobilization for each patient, specified criteria for these screens were not prescribed. These data were obtained by manual data abstraction conducted by specifically trained RNs or staff from the Quality Department from each site.
Demographic/discharge form. This form (Table S3 ) collected patient-and family-centered outcomes, variables thought to affect bundle compliance, and important prognostic indicators (e.g., demographics, diagnosis, comorbidities) via standardized medical record review. Also included were ICU and hospital-acquired complications; presence of an advanced directive, utilization of spiritual support, and additional endof-life considerations; mobility status at time of discharge, discharge disposition; and, if collected, severity of illness scores.
ABCDEF Bundle Operational Definitions
The evidence supporting the 2013 PAD guidelines was used to develop the collaborative's ABCDEF bundle compliance definitions (Table S4 ). When evidence was lacking, faculty consensus guided operational definitions. Compliance measures captured how the individual ABCDEF bundle interventions were being delivered (i.e., the process of delivery). For example, a patient could fail the SAT safety screen and not have an SAT; this would be compliant. Performance was a simple yes or no measure of whether or not a patient received a specific bundle intervention.
RESULTS
Retention in the Collaborative was high, with 67 of 69 adult and eight of nine PICUs fully completing the program. Baseline and prospective data were collected on over 17,000 critically ill patients. A variety of evidence-based professional behavioral change interventions and novel implementation techniques were utilized and shared among collaborative members. Although sites were encouraged to use whatever QI methodology they used in past initiatives, the IHI improvement specialist provided specific strategies involving the Plan-Do-Study-Act rapid-cycle testing model that helped teams assess whether a change led to improvement using a methodical learning process. Small tests of change were encouraged and frequently utilized. This allowed teams to progress using small, deliberate steps that could be revised quickly and retested. Teams also reported that they frequently elicited feedback from colleagues in their units through interviews, group discussion, or surveys to help identify barriers to change and the proposed interventions. Sites also reported engaging staff in local consensus building discussions, developing a formal implementation and qualitymonitoring plan, and identifying and involving ABCDEF bundle champions, early adopters, local opinion leaders, and former ICU patients and families in the implementation process.
Coaching calls and meetings highlighted the importance of providing audit and feedback. In addition to sharing the outcomes collected in the collaborative's database, teams created novel ways to engage their staff by providing reminders verbally, on paper, or via a computer screen. Other strategies participants reported to be effective included providing multimodal educational offerings (conferences, lectures, workshops, or staff meetings on the ABCDEF bundle) and the distribution of educational materials (e.g., laminated pocket cards, related clinical practice guidelines, audiovisual materials such as power points, or references supporting the implementation of the ABCDEF bundle). Particularly appreciated was the sharing of ABCDEF bundle-related protocols. Sites reported this sharing reduced time spent on redundant work and provided them with a variety of sound choices. Finally, using former family and patient stories and cases studies that highlighted ABCDEF bundle-related successes was reportedly an effective way of engaging staff. Many sites reported these stories helped renew passion for everyday ICU work and humanize care. Table 4 provides a synopsis of some commonly encountered barriers and solutions Collaborative members utilized.
DISCUSSION
This paper describes the evolution, dissemination, and implementation of the SCCM ICU Liberation Collaborative's strategies and its compliance and performance metrics. This national QI project specifically aimed to improve the assessment, prevention, and management of ICU-acquired PAD and weakness. Our summary of the formation and conduct of the collaborative is an attempt to help others who wish to implement the ABCDEF bundle into the care of critically ill patients to r Consider automated data extraction when documentation platforms are updated.
Lack of administrative buy-in and competing priorities r Provide return-on-investment (ROI) studies and projections to address the bottom line. r Include high-level unit and hospital leaders in planning meetings that include patients and families.
understand the scope of such a project. This work highlights the time, effort, and commitment required to implement and sustain a complex set of interprofessional evidence-based interventions.
Human factors and response to change are well-known contributors to the delay in adoption of new evidence-based practices (Karsh, Holden, Alper, & Or, 2006; Russ et al., 2013) . Understanding the need for broad clinician engagement and buy-in, the Collaborative utilized a number of evidence-based professional behavioral-change interventions. The decision to use multiple implementation strategies was based on recent literature that reported that using a higher number of implementation strategies (i.e., six or more) concomitantly with integration of delirium management according to the PAD guidelines, or prior versions of the ABCDEF bundle, was associated with significant reductions in mortality and ICU length of stay and positive effects of implementation efforts (Trogrlic et al., 2015) . Importantly, the behavioral change interventions used in this particular Collaborative specifically targeted the entire interprofessional ICU team while actively engaging patients and their families.
Collaborative leaders recognized that teams would encounter challenges on two fronts: the broad engagement needed from ICU clinicians as well as with the introduction of a large, integrated set of interventions that required evidencebased performance from most key ICU disciplines. The need for small teams to influence often-large numbers of practitioners and to demonstrate improvements over an 18-month period was challenging. Organically, most teams focused on one or two bundle elements at a time; however, the expectation of full bundle implementation (rather than selected elements) was explicit. Unfortunately, the relatively short timeline may have adversely affected the ability of teams to engage in the creation and iteration of change experiments typically required for successful and sustainable change adoption. In addition, the electronic medical record (EMR) played an important role in r Use auditing and feedback r Many felt it was as important to monitor both process and clinical outcomes. r Sharing successes and opportunities for improvement with ICU team members was felt to better focus and sustain implementation efforts.
r Many participants felt that providing meaningful and manageable data points facilitated implementation efforts.
ABCDEF bundle-related documentation and process and outcome monitoring. Several sites reported substantial challenges with upgrading their platform to enhance bundle documentation and abstraction. Future initiatives should incorporate a member of each site's EMR team earlier in the implementation process. Finally, accepting more than the planned number of participating sites may have unintentionally reduced resources that could have been used to enhance implementation efforts; however, doing so provided lessons for sites with limited resources to change culture and implement this broad QI program. 
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